Selection of metal ion irradiation for controlling Ti1-xAlxN alloy growth via hybrid HIPIMS/magnetron co-sputtering, 2012co-sputtering, , Vacuum, (86), 8, 1036co-sputtering, -1040
It has been shown previously that both the ion kinetic energy E i and the ion-to-metal flux ratio J i /J Me incident at the growth front during T 0.5 Al 0.5 N deposition significantly affect the microstructure and physical properties of alloys grown by dc magnetron sputtering (DCMS). 1 Low values of E i (≤ 20 eV) combined with high J i /J Me values (≥ 5.2) lead to densification, larger grain size, and low residual stresses. Conversely, high values of E i (≥ 100 eV) result in excess N incorporation, residual point defect concentrations, decreased average column widths, high compressive stresses, and formation of second-phase hexagonal-structure AlN precipitates. 2 A potentially attractive and unique feature of high-power pulsed magnetron sputtering (HPPMS/HIPIMS) 3 is the ability to ionize up to 90% of the sputtered metal flux, 4 depending upon the metal, while high real-time sputtering rates minimize, due to rarefaction, 5-6 the concentration of rare-gas atoms trapped in the film. Gas incorporation, and associated recoil implantation processes, result in intrinsic compressive stress. 7 An additional advantage of HIPIMS is enhanced momentum transfer provided by accelerated ionized sputtered metal atoms during bias deposition, which allows the use of lower E i values, thereby reducing the concentration of residual defects, while still enhancing adatom mobilities.
A potential disadvantage of HIPIMS is the production of multiply-charged metal ions (n ≥ 2) during intense plasma pulses. 8, 9 Upon application of a substrate bias V s , the energy gain is neV s per ion which can result in residual lattice damage even for moderate to low V s values.
In this letter, we report results for the growth and mechanical properties of metastable NaCl-structure Ti 1-x 13 and allowing the synthesis of high-AlN-content metastable Ti 1-x Al x N films exhibiting both high hardness and low residual stress.
All Ti 1-x Al x N films were grown in a CC800/9 CemeCon AG magnetron sputtering system. 14 The Ti and Al targets are cast rectangular plates with dimensions 88×500 mm². Si 8 eV) , but the energy gain due to the applied substrate bias, V s = 60 V, is twice that for singly-ionized species. At V s = 60 V, the average energy of Ti 2+ ions incident at the film is > 140 eV during the HIPIMS pulse. This leads to the production of residual point defects 1, 24 which are manifested in XTEM images (Fig. 1a) as speckle contrast due to local strain fields associated with point defect complexes. The defects can serve as nucleation centers for the formation of wurtzite-structure AlN precipitates at relatively low AlN concentrations (x  0.40). As a consequence of phase separation, H is low and close to that of hexagonal AlN, whereas the residual stress is high (-2.7 GPa) and leads to film delamination during post-annealing.
However, metastable single-phase NaCl-structure Ti 1-x Al x N alloys grown using the Al-HIPIMS/Ti-DCMS configuration exhibit a relatively high kinetic solid-solubility limit (x max = 0.64), and the films have high hardness (H  30 GPa) with low residual tensile stress (0.2-0.7 GPa), all of which are difficult to achieve using DCMS alone or by cathodic arc deposition. We hardness, due to solid-solution hardening, and low residual tensile stress, all of which are difficult to achieve by either DCMS alone or by cathodic arc deposition. We attribute this to a combination of kinetically-limited growth and dynamic low-energy near-surface mixing due predominantly to Al + and Ar + ion irradiation during HIPIMS pulses. Finally, cubic Ti 0.41 Al 0.59 N alloy films exhibit age hardening giving rise to a 10% increase in H during annealing at 900 °C.
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